COMMENT L ast month, the European Union marked the tenth year of its Strategic Energy Technology Plan. It is one of many policy initiatives worldwide to accelerate innovation in energy technologies to reduce greenhouse-gas emissions. As the window of opportunity to avert dangerous climate change closes, we urgently need to take stock of these initiatives -what works and why?
Public investments in energy research, development and demonstration (RD&D) have risen since the low levels of the mid-1990s and early 2000s. In 2016, member countries of the Organisation for Economic Co-operation and Development spent US$16.6 billion on energy RD&D, compared with $10 billion in 2000 (adjusted for purchasing power parity). In October, the United Kingdom set out its Clean Growth Strategy to invest more than £2.5 billion ($3.3 billion) in low-carbon innovation between 2015 and 2021. In 2015, the EU and 22 nations pledged to double their investment in energy RD&D under the Mission Innovation adjunct to A solar farm floats on a lake that formed after the collapse of a deep coal mine in Huainan, China.
Six principles for energy innovation
Decades of experience must inform future initiatives, urge Gabriel Chan and colleagues. Most of these bodies can claim successes. But a comprehensive global assessment of energy-innovation programmes is needed to learn from collective experience and to establish best practices. As a starting point, here we distil six principles to guide public initiatives for energy innovation. These are drawn from the scholarly literature and from third-party assessments of experience in UK, US and multilateral institutions.
GUIDING PRINCIPLES
Give researchers and technical experts autonomy and influence over funding decisions. Active scientists are better placed than managers to spot bold but risky opportunities. For instance, US national laboratories lead the development of a subset of projects that comprise 4% of their current budgets. Yet these projects produce more high-impact publications and commercially viable technologies than do those that are controlled by DOE headquarters (see 'Expert benefits') 1 . Such decentralized funding at the National Renewable Energy Laboratory in Golden, Colorado, has supported the development of more cost-effective methods of cultivating algae for biofuels, as well as groundbreaking research on perovskite-based solar cells 2 . 5 . Strategies are needed to innovate faster. Research universities have shown the value of sustained collaboration through a diversity of channels 6 . Sandia National Laboratories, which has facilities in New Mexico and California, has seen the value of giving researchers up to three years' leave to work in the private sector and commercialize technologies. Pilot programmes should be scaled up. For example, at California's Lawrence Berkeley National Lab, the Cyclotron Road and Visiting Entrepreneurial Research Fellows programmes lower barriers to collaboration and provide facilities, expertise and funding to entrepreneurs.
Focus demonstration projects on learning.
Many viable technologies stumble at the demonstration stage when they reach the 'valley of death' . Companies are reluctant to finance pilot projects for new, risky technologies, such as carbon capture and storage (CCS). This makes it impossible to scale them up without public support. Demonstration projects are expensive and can be harshly judged. For example, the US Synthetic Fuels Corporation fostered technologies in the 1980s to create liquid fuels from substitutes such as coal. The failure of the programme to meet its goal of reducing oil imports has been used to argue against public investments in demonstration projects that aim to pick winners. Yet the programme created useful knowledge: technology trialled at the corporation's Cool Water plant is being considered for use in CCS 7 . Policymakers should set goals for demonstration projects on the basis of the knowledge they will generate about the cost and performance of future technologies 7 . Other important features include: an exit strategy to halt projects that miss milestones; design that acknowledges the possibility of failure while keeping other options open; involvement of a broad pool of private actors; and mechanisms to track and disseminate the knowledge produced 8 .
Incentivize international collaboration.
International Adopt an adaptive learning strategy. Lessons must be drawn from a diverse range of experiences because energy innovation occurs in many different industrial and funding contexts. Efforts vary in their primary goals, such as competitiveness, security and environmental protection, as well as in their implementation strategies.
Mechanisms for evaluating and adapting programmes should be designed into institutions from the start. There are many ways to measure innovation-policy outcomes: from the money invested or the number of papers, citations, patents and start-ups that are generated, to economic measures such as productivity and qualitative measures that can be assessed through surveys. Public agencies should store and track data on operations and outcomes and release them to independent researchers. Rather than overhauling institutions for energy innovation with different political cycles, existing programmes should be continuously evaluated and updated. New programmes should be set up only if they fill needs that are not currently met.
Let's learn from experience to accelerate the transition to a cleaner, safer and more affordable energy system. ■
